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SENSOR-LESS INDOOR NAVIGATION
ASSISTANCE

This application claims priority under 35 U.S.C. § 119 to
Provisional Patent Application 61/913,246, filed on Dec. 6,
2013, titled “INDOOR NAVIGATION ASSISTANCE”

which 1s incorporated herein by reference in its entirety.

L.L

3

BACKGROUND

Portable electronic devices, for example, cellular or sat-
cllite telephones, laptop computers, personal digital assis-
tants, electronic book readers, and the like, are fast becom-
ing prevalent in everyday life. One of the services that have
increased the desirability of these devices 1s the navigation
guidance service that provides navigation guidance to an end
user. Typically, these devices are equipped with one or more
sensors for providing navigation guidance to the end user.
For example, a portable commumcation device, may
include, inertial or motion sensors (e.g., accelerometers,
gyroscopes, compasses, etc.) capable of measuring loca-
tions, or orientations of the device, or Global Positioming
System (GPS) receivers that may estimate geographic loca-
tion of the device and then provide navigation guidance to
a user based on the location.

One of the main 1ssues with sensor based navigation
guidance 1s the dependence on the measurement accuracy of
the sensors. For example, the navigation guidance may be
dependent on the accuracy of mobile device onentation
measured by a compass sensor. Additionally, the quality of
sensor based navigation gumidance may also vary in different
environments. For example, the quality of GPS sensor based
navigation guidance may be low 1n an imndoor environment,
due to the low signal strength.

BRIEF DESCRIPTION OF THE

DRAWINGS

The claims set forth the embodiments of the mmvention
with particularity. The mvention 1s illustrated by way of
example and not by way of limitation 1n the figures of the
accompanying drawings in which like references indicate
similar elements. The embodiments of the invention,
together with its advantages, may be best understood from
the following detailed description taken 1n conjunction with
the accompanying drawings.

FIG. 1 1s a block diagram illustrating a process for
providing sensor-less navigation assistance, according to an
embodiment.

FI1G. 2 1s a detailed flow diagram 1llustrating a process to
determine and store a clock-orientation based navigation
istruction for a path between a start waypoint and a
destination waypoint, according to an embodiment.

FIG. 3 1s a flow diagram 1llustrating a process for gener-
ating a directed weighted graph based on the stored list of
direction-based navigation recordings determined 1n FIG. 2,
according to an embodiment.

FIGS. 4A-4C 1s an exemplary block diagram 1llustrating,
a process for generating a directed-weighted graph, accord-
ing to an embodiment.

FIG. 5 1s an exemplary block diagram illustrating a
directed weighted graph including an intersection point,
according to an embodiment.

FI1G. 6 15 a detailed flow diagram 1llustrating a process for
providing sensor-less navigation assistance based on the
directed-weighted graph generated in FIGS. 4A-4C, accord-
ing to an embodiment.
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FIG. 7 1s an exemplary user interface of a portable
clectronic device displaying a graphical user interface of

path recording application, according to an embodiment.

FIG. 8 1s an exemplary user interface of a portable
clectronic device displaying a graphical user interface of a
navigation assistance application, according to an embodi-
ment.

FIG. 9 1s a block diagram illustrating a computing envi-
ronment ol imndoor navigation assistance, according to an
embodiment.

DETAILED DESCRIPTION

Embodiments of techniques for indoor navigation assis-
tance are described herein. In the following description,
numerous specific details are set forth to provide a thorough
understanding of embodiments of the invention. One skilled
in the relevant art will recognize, however, that the invention
can be practiced without one or more of the specific details,
or with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described 1n detail to avoid obscuring
aspects of the invention.

Reference throughout this specification to “one embodi-
ment”, “this embodiment™ and similar phrases, means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s 1ncluded 1n at least one
embodiment. Thus, the appearances of these phrases 1n
various places throughout this specification are not neces-
sarily all referring to the same embodiment. Furthermore,
the particular features, structures, or characteristics may be
combined 1n any suitable manner in one or more embodi-
ments.

FIG. 1 1s a block diagram illustrating a process 100 for
providing sensor-less navigation assistance, according to an
embodiment. Navigation 1s a process of following a route
between two locations. In one embodiment, providing navi-
gation assistance includes guiding a user to commute
between two locations. The navigation instruction provided
to the user may be a direction-based navigation instruction.
A direction-based navigation instruction includes direction
coordinates and distance coordinates. The direction coordi-
nates represent the directions, for example left or right, to be
followed for commuting between the start and the destina-
tion waypoint, and the distance coordinates represent the
distance to be travelled in the particular direction. For
example, a direction-based navigation 1nstruction between a
collee store and a parking lot may include three direction-
distances coordinate pairs {(right, 6), (left, 7), (right, 8)}.

In one embodiment, the navigation assistance may be
provided for indoor navigation. For example, the navigation
assistance may be provided for commuting between the
main entry and the meeting room on the third floor of a
building. In this case, the direction-based navigation instruc-
tion may include 1nstructions, for example, turn left from the
main entry, take the stairs to the third floor, turn left and walk
twenty steps along the corridor, and finally turn right and
walk ten steps to reach the meeting room. In one embodi-
ment, the navigation assistance may be provided via a
portable electronic device. The portable electronic device
may be a handheld or wearable electronic device, for
example, mobile phone, tablet computer, laptop, personal
digital assistant, intelligent eyewear, etc. In one embodi-
ment, the navigation assistance may be provided without
utilizing any sensors, such as accelerometer, compass and
gyroscopic sensor, Global Positioming System (GPS), etc. In
one embodiment, the navigation assistance may be provided
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as an add-on software component to a room booking appli-
cation, for example, Room Booker by SAP®. A room
booking application allows a user to book a room, for
example a conference room, a meeting room, etc., for a fixed
period of time. The navigation assistance add-on component
may provide navigation assistance to the user along with the
room-booking application provided by the room-booker
software. For example, the navigation assistance add-on
component may allow a user to commute between the user’s
current location and a room booked by the user using the
room booking application.

To receive the sensor-less navigation assistance, initially
at 102, a direction-based navigation instruction 1s received
for commuting between the start waypoint and the destina-
tion waypoint. The direction-based navigation instruction
may be received from a user. The user commutes between
the start waypoint and the destination waypoint to record the
direction-based navigation instruction. A waypoint 1s a place
with a known descriptive position. The descriptive position
may be represented by a set of strings which 1s unique for a
particular location, for example, a building name, a room
name, etc. Waypoints may also be moving objects, for e.g.,
a bus of line “A”. In this case, navigation instructions may
be “take the tram to the central square, wait there until the
bus of line “A” arrives. The recorded direction-based navi-
gation istruction includes direction coordinates and dis-
tance coordinates. For example, a direction-based naviga-
tion istruction for commuting between a waypoint X to a
waypoint Y may be {(right, 6), (left, 9)}.

In one embodiment, the direction-based navigation
instruction 1s received at the portable electronic device. The
user may use a mobile phone application to record the
direction-based navigation instruction. The mobile applica-
tion may include different direction options, for example,
left, nght, up, down, etc. The user records the direction
co-ordinates by selecting one of the direction options dis-
played on the portable electronic device. For example, when
the user recording the direction-based navigation instruction
turns right then the user may select the right arrow on screen
to record the direction-based navigation instruction. Simi-
larly, the user may also provide the distance coordinates
value at the portable electronic device to record the distance
coordinates of the direction-based navigation instruction.

Next, an angle-orientation based navigation instruction
corresponding to the received direction-based navigation
instruction 1s determined (104). An angle-orientation coor-
dinate represents a direction coordinate by an angle. To
determine the angle-orientation based navigation instruction
initially an angle-orientation 1s assigned to the start way-
point. Based on the angle-orientation assigned to the start
waypolint, an angle-orientation 1s then determined corre-
sponding to the direction coordinates included 1n the direc-
tion-based navigation instruction. In one embodiment, the
angle-orientation based navigation instruction 1s a clock-
orientation based navigation instruction that represents a
direction coordinate by a clock-orientation coordinate, for
example, 12 o’clock, 3 o’clock, 6 o’clock, and 9 o’clock. In
one embodiment, the angle 90 degrees 1s represented by 3
o’clock, the angle 180 degrees 1s represented by 6 o’clock,
the angle 360 degrees 1s represented by 9 o’clock, and the
angle 0 degrees 1s represented by 12 o’clock. A clock-
orientation based navigation instruction represents direction
instruction by clock-orientation. The clock-orientation based
navigation 1nstruction includes clock-orientation coordi-
nates and the distance coordinates. To determine the clock-
orientation based navigation instruction, initially a clock-
orientation coordinate, for example 12 o’clock, 1s assigned
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4

to the start waypoint. The start waypoint may be assigned
any other clock-orientation, for example, 3 o’clock or 6
o’clock.

Next, angle/clock orientation coordinates are determined
corresponding to the direction coordinates of the direction-
based navigation instruction, based on the angle/clock ori-
entation assigned to the start waypoint. For example assume
that the received direction-based navigation instruction
between an office and a meeting room is {(right, 10), (right,
6), (right, 0)}. Based on the clock-orientation of 12 o’clock
assigned to the oflice (start waypoint), the clock-onentation
for the first direction coordinate “right” 1s 3 o’clock as 3
o’clock 1s at right with respect to the clock-orientation 12
o’clock. Similarly the clock-orientation for the second direc-
tion-coordinate “right” 1s 6 o’clock. The clock-orientation
for the destination waypoint “meeting room™ 1s 9 o’clock. In
the example above, the obtaimned clock-orientation based
navigation instruction that includes the clock-orientation
coordinates and the distance coordinates is (12, 0), (3, 10),

(6, 6), (9, 0)}.

Next, the determined angle-orientation based navigation
instruction 1s stored 1n a directed weighted graph (106). In
one embodiment, the determined clock-orientation based
navigation instruction 1s stored in the directed weighted
graph. A directed graph 1s a graph, or set of nodes connected
by edges, where the edges have a direction associated with
them. A directed weighted graph includes a weight assigned
to the edge 1n the graph. In one embodiment nodes, corre-
sponding to the start waypoint and the destination waypoint,
are inserted 1n the graph. An edge 1s then inserted between
the start waypoint node and destination waypoint node. The
edge represents a path between the start waypoint and the
destination waypoint. The determined clock-orientation
based navigation 1nstruction 1s then assigned as weight of
the edge. The assigned clock-orientation based navigation
instruction 1s stored by the edge of the directed weighted
graph. The directed weighted graph may include several
node pairs depending on the number of start-destination
waypoint pairs for which the direction-based navigation
recording 1s received. For example, when a user records
direction-based navigation recording between an oflice and
meeting room then two nodes are serted in the directed
graph corresponding to the oflice and meeting room. An
edge representing a path 1s then inserted between the office
and meeting room nodes. The clock-orientation based navi-
gation instruction 1s then assigned as a weight of the edge.

Next, a navigation assistance request 1s recerved to com-
mute between a start waypoint and a destination waypoint
(108). In one embodiment, a user’s present location may be
determined as the start waypoint. The user 1s then provided
a list of potential destination waypoints where the user may
want to commute. The user may select one of the destination
waypoints for which the user wants navigation assistance. In
one embodiment, the navigation assistance 1s received for
commuting between the start waypoint, which 1s the current
location of the user, and a destination waypoint.

At 110, based on the recerved request, an angle-orienta-
tion based navigation instruction between the start and
destination waypoint 1s retrieved. In one embodiment, the
clock-orientation based navigation instruction is retrieved.
The clock-orientation based navigation instruction 1s
retrieved from the directed weighted graph that stores sev-
eral clock-orientation based navigation instructions. The
clock-orientation based navigation instruction may be
retrieved based on the start and destination waypoint
included in the navigation assistance request.
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Next, at 112, the angle-orientation coordinates in the
retrieved angle-orientation based navigation instruction are
converted to direction coordinates to obtain a direction-
based navigation instruction. The obtained direction-based
navigation instruction 1s forwarded to the user (114). In one
embodiment, the obtamned direction-based navigation
instruction 1s provided at a portable electronic device of the
user. In the example described 1n the previous paragraph, the
instruction starting from waypoint 12 o’clock and turning to
3 o’clock 1s translated to “turn right” because facing 12
o’clock and then turning right 1s 3 o’clock. Similarly the
other clock-orientation coordinates are converted to obtain
direction-distance coordinates {(“turn right”, 10), (“turn
right”, 5), (“turn right”, 0)}. The obtained direction-based
navigation instruction 1s then provided to a user. Storing the
navigation instruction in an angle-orientation format allows
the portable electronic device to provide a sensor-less navi-
gation guidance. In case the direction-based navigation
istruction 1s provided to the portable device instead of the
angle-orientation based navigation instruction then the por-
table electronic device requires different sensors, for
example, GPS sensor, compass, etc., to determine user’s
position and then identily the direction instruction, left or
right, based on the user’s position. However, as the stored
angle/clock-orientations are fixed instructions, which are
independent of user’s geographical position and location,
the portable electronic device does not require a sensor to
provide navigation assistance to a user.

The angle-orientation based navigation instruction pro-
vides several other advantages. For example, when the
angle-orientation based navigation instruction for a path
between a start and destination waypoint 1s received then the
angle/clock orientation based navigation instruction for the
reverse path between the destination waypoint to the start
waypoint may be auto-determined by reversing the angle/
clock orientation. This reduces the manual eflort of record-
ing navigation instruction for a reverse path. For example,
consider that a direction-based navigation instruction 1is
received for a path between point A and pomnt B. The
direction-based navigation instruction 1s converted to angle-
based navigation {(0, 0), (90, 10), (180, 7), (270, 0)}. The
obtained angle based navigation instruction may then be
used to determine clock-orientation for the reverse path
between B and A, by reversing sequence of angle orienta-
tion-distance coordinates and then reversing angle orienta-
tion of mtermediate coordinates. Based on this, the angle-
orientation based navigation instruction for the reverse path
between the destination waypoint and the start waypoint 1s
1(270, 0), (0, 7), (270, 10), (0, 0)}.

FI1G. 2 15 a detailed tlow diagram 200 1llustrating a process
to determine and store an angle-orientation based navigation
istruction for a path between a start waypoint and a
destination waypoint, according to an embodiment.

Initially a new direction-based navigation recording for a
path between a start waypoint and a destination waypoint 1s
received (202). In one embodiment, the new direction-based
navigation recording 1s a first recording received from a user.
In another embodiment, the new direction-based navigation
recording may be received alter receiving several existing
direction-based navigation recording from the same or dii-
terent users. A direction-based navigation recording includes
a direction based navigation instruction for commuting
between the start waypoint and the destination waypoint.
The new direction-based navigation recording may be
received at a portable electronic device. To imtiate the
recording, the user presses the start button. A camera of the
portable electronic device may then be activated to scan a
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barcode of the start waypoint. The user then selects the first
direction, from the direction options provided by the mobile
application, towards the destination waypoint. The user then
commutes between the start waypoint and the destination
waypoint and selects direction options whenever crossing an
intersection or a waypoint. In one embodiment, the direction
options are selected assuming that the paths are at 90
degrees, or right angles, with respect to each other. The
mobile application also allows the user to record floor
change 1nstructions, for example, stairs up, stairs down, etc.
In one embodiment, when the direction-based navigation
recording 1s for a path that includes several waypoints then
the recording may be split into several recordings with one
start waypoint and destination waypoint. For example,
assume that the path between the start waypoint A and the
destination waypoint B includes an intermediate waypoint C
then the direction-based navigation recording may be split
into two recordings A-B and B-C. In one embodiment, the
user may provide the direction-based navigation recording
as voice 1nstructions, by motion, or other mechanism. In one
embodiment, sensors, for example, compass may be used to
record a user’s initial position and the direction changes
encountered by the user while commuting from the start
waypoint to the destination waypoint.

In one embodiment, the new direction-based navigation
recording also includes a navigation metadata. The naviga-
tion metadata may include the start and destination way-
points related metadata, and path related metadata. For
example, the start and the destination waypoints related
metadata may be that the start waypoint 1s an employee
cubicle and the destination waypoint 1s an oflice cafeteria.
The navigation metadata for a path may include data that
may be helpiul during navigation, for example, whether the
path 1s reversible or whether 1t 1s restricted. Reversibility of
path indicates whether the path may be traversed in both
directions, 1.e., both from the start waypoint to the destina-
tion waypoint and from the destination waypoint to the start
waypoint. In case the path 1s not reversible, then the path
may be traversed only 1n one direction, for example: when
the path includes a unidirectional turnstile. In one embodi-
ment, the metadata may also include different restrictions to
traversing the paths, e.g. it the path may be traversed by a
defined user group like facility employees only, or 11 the path
may not be traversed by wheelchair, etc.

In one embodiment, crowd-sourcing 1s used for receiving
the navigation recording. Crowd-sourcing 1s the practice of
obtaining needed services, i1deas, or content by soliciting
contributions typically, but not necessarily, from a large
group of users. EFach user, contributing to the navigation
recording, may be assigned an imtial score, for example 1.
In one embodiment, gamification techniques are used to
maintain a user’s score. Gamification technique includes
method for rewarding players who accomplish a task. Types
of rewards include scores, achievement badges, position on
a progress bar, etc. The 1nitial score of the user contributing
to the navigation recording may be increased in two sce-
narios: 1) whenever the user records a new direction-based
navigation recording, or 2) when the user’s recording 1s
confirmed by another user’s feedback. A user’s navigation
recording 1s confirmed when another user submits a direc-
tion-based navigation recording with same direction-dis-
tance coordinates as included in the user’s direction based
navigation recording.

Next, at 204 a user rating 1s assigned as a rating of the new
direction-based navigation recording. The user rating 1s the
rating of the user that recorded the direction-based naviga-
tion recording. Next, at 206 a check 1s performed to deter-
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mine whether there 1s an existing navigation recording for a
path between the start waypoint and the destination way-
point. In one embodiment, the existing navigation recording,
includes recordings previously received from the different
users. The existing navigation recordings are stored 1n a
server, for example, cloud server. The existing navigation
recording includes direction-based navigation instruction
and navigation metadata. In case the list of existing navi-
gation recordings does not include a direction-based navi-
gation recording for a path between the start waypoint to the
destination waypoint then the new navigation recording 1s
stored 1n the list of recordings (208). Alternatively, 1n case
there 1s an existing navigation recording from the start
waypoint to the destination waypoint (condition 1 206 1s
true) then a check 1s performed, at 210, to determine whether
the direction-distance coordinates of the new navigation

recording and the direction-distance coordinates of the exist-
ing navigation recording are same.

Based on the comparison, when the direction-distance
coordinates in the new-navigation recording and the exist-
ing-navigation recording 1s same then both the recordings
are merged (212). Merging the navigation recordings
include merging the distance information included in the
navigation recordings and the metadata, including the user
rating, of the new and existing navigation recording to
obtain a merged navigation recording. The merged naviga-
tion recording includes direction-based navigation mnstruc-
tion between the start waypoint and the destination way-
point. The obtained merged navigation recording is then
stored 1n the list of existing navigation recordings (214).

For example, consider that a new direction-based navi-
gation recording, between a waypoint A and a waypoint B,
1s received from a user having a rating 2. The user rating 2
1s assigned as the rating of the recording. The new direction-
based navigation recording is:

{recording: {

start: “Waypoint A”;

startType:[“Meeting Room”];

destination: “Waypoint B”;

destination type:[“Kitchen”];

reversible: True;

rating: 2;

instructions: [{“right”, 11}, {“straight™, 5}, {“left”, 13}, {“left”, 8}];

I3

Further assume that an existing navigation recording,
between the waypoint A and the waypoint B, received from
a user having a rating 1. The user rating 1 1s assigned as the
rating of the existing direction-based navigation recording.
The existing direction-based navigation recording 1s:

{recording: {

start: “Waypoint A”;

startType:[“Meeting Room™|;

destination: “Waypoint B”;

destination type:[“Kitchen™];

reversible: False;

rating: 1;

instructions: [{“right”, 9}, {“straight™, 5}, {“left”, 11}, {“left”, 8}]

I

A merging operation 1s performed on the new direction-
based navigation recording and the existing direction-based
navigation recording for the path between waypoints A and
B to obtain the merged direction-based navigation record-
ing. In one embodiment, during the merging operation the
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user ratings 1 and 2 of the new and existing navigation
instruction, respectively, are summed and the obtained rating
(3) 15 assigned to the merged navigation recording. Simi-
larly, the distance coordinates included in the new and
existing navigation recordings are averaged to obtain the
distance coordinates of the merged direction-based naviga-
tion recording. The merged direction-based navigation
recording includes:

{recording: {

start: “Waypoint A”;

startType:[“Meeting Room™];

destination: “Waypoint B”;

destination type:[“Kitchen”];

reversible: True;

rating: 3;

instructions: [{“right”, 10}, {“straight”, 5}, {“left”, 12}, {“left”, 8}];

I

e

In case the existing navigation recording has different
direction-distance navigation coordinates than the new navi-
gation recording (condition i 210 1s false), then the new
navigation recording 1s stored as a separate recording 1n the
list of recordings.

FIG. 3 1s a flow diagram 300 illustrating a process for
generating a directed weighted graph based on the stored list
of direction-based navigation recordings determined 1n FIG.
2, according to an embodiment. The directed-weighted
graph represents the stored list of direction-based navigation
recordings. In one embodiment, the directed-weighted graph
represents the start and destination waypoints as nodes and
a path between the start and destination waypoints as an
edge between the nodes. The existing navigation recording
for a path 1s assigned as weight of the edge. The directed-
weilghted graph includes at least one edge corresponding to
cach of the existing navigation recordings. For example,
consider that there are three existing navigation recordings
for navigation paths A~ B, B~ C, and C~ D. A directed-
weighted graph may then be generated that includes four
nodes corresponding to the four waypoints A, B, C, and D.
Three edges, representing the navigation paths, are then
inserted between nodes A and B, B and C, and C and D. The
three edges between nodes A~ B, B~ C, and C™ D store the
navigation recordings for the corresponding navigation
paths.

For generating the directed weighted graph, mnitially the
list of direction-based navigation recordings are retrieved
(302). In one embodiment, the list of direction-based navi-
gation recordings 1s the list of existing recordings stored 1n
the memory. The list of recordings may be filtered based on
user ratings and the recording with a higher rating may be
considered for generating the directed weighted graph.

Next, 304-318 may be repeated for each of the direction-
based navigation recording in the list of direction-based
navigation recordings, to generate a single directed weighted
graph. The single directed weighted graph includes nodes
and directed edges that store a weight. The nodes of the
graph represent waypoints, the edges of the graph represent
paths, and the weight of the edges represents navigation
istructions and navigation metadata. To determine the
directed weighted graph, initially angle-orientation based
navigation recordings corresponding to the list of existing
direction-based navigation recordings are determined. The
single directed weighted graph may then be generated based
on the determined angle-orientation based navigation
recordings. The angle-orientation based navigation record-
ing 1s determined by assigning an angle-orientation coordi-
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nate to a start waypoint (304). The start waypoint 1s the
starting point for an existing direction-based navigation
recording, stored in the list, which 1s being processed.
Angle-orientation coordinates are then determined corre-
sponding to the direction coordinates 1n a direction-based
navigation recording from the list of direction-based navi-
gation recordings (306). The angle-orientation coordinates
are determined based on the angle-orientation assigned to
the start waypoint. In one embodiment, a clock-orientation
coordinates are determined corresponding to the direction
coordinates 1n the direction-based navigation recording. The
clock-orientation coordinates 1s determined by assuming 90
degree corners at intersection but 1s not limited to that angle.
An angle-orientation coordinate may be determined corre-
sponding to each direction coordinate included in the direc-
tion-based navigation instruction. In one embodiment, the
direction coordinates “‘stair up” or “stair down™ are not

converted to clock-orientation coordinates. These instruc-

tions, “stair up”, “stair down”, are fixed instructions that do

not change based on user’s geographical position/location.

Next, nodes corresponding to the start and the destination
waypoints, of a direction-based navigation recording, and an
edge connecting the nodes are inserted into a directed
weighted graph (308). In case the existing navigation
instruction 1s the first existing navigation instruction in the
list then the two nodes are the first two nodes 1nserted 1n the
graph. In case the existing navigation recording being pro-
cessed 1s not the first node 1n the list of existing nodes then
the node 1s mserted depending on the nodes already inserted
in the graph. For example, consider a first direction-based
navigation recording for a path between points A and B and
a second direction-based navigation recording between
points B and C. In this case two nodes A and B representing
points A and B, respectively, are mserted 1n the graph. Next,
for the second navigation instruction a single node C 1is
inserted adjacent to node B 1s inserted 1n the graph. An edge
connecting the nodes may also be inserted in the directed
weighted graph. An edge represents the path between the
start and the destination waypoint. In one embodiment,
when there are more than one paths for commuting between
the start and destination waypoints then the directed
weighted graph may include several edges between the start
waypoint and destination waypoint that represent the differ-
ent paths. For example, when the list of recordings 1nclude
two navigation recordings, corresponding to two paths
between a start waypoint and destination waypoint, for
commuting between the start waypoint and the destination
waypoint then two edges representing the two diflerent
recordings may be inserted in the directed weighted graph.
In another embodiment, a single edge corresponding to the
navigation instruction, from among the different navigation
istructions, with a higher user-rating 1s inserted in the
graph.

Next, the angle-orientation based navigation instruction
and the navigation metadata are assigned as weight of the
edge (310). In one embodiment, a clock-orientation based
navigation instruction 1s assigned as weight of the edge. For
example, consider that the clock-orientation based naviga-
tion 1nstruction for a path between a classroom and a physic
laboratory is {(12, 0), (3, 10), (6, 6), (9, 0)}. Two nodes
corresponding to the classroom and the physics laboratory
are mserted in the directed weighted graph. An edge that
represents the path between the classroom and the physics
laboratory may then be 1nserted in the graph to connect the
classroom node and physics laboratory node. Next, the clock

based navigation instructions {(12, 0), (3, 10), (6, 6), (9, 0)}
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1s assigned as weight of the edge connecting the classroom
node and the physics laboratory node i the directed
weighted graph.

Next, a determination 1s made whether the navigation
path 1s reversible based on the navigation metadata (312). In
one embodiment, the navigation metadata of a navigation
path 1s checked to determine whether the navigation path 1s
reversible. In case the navigation path 1s reversible then an
angle-orientation based navigation instruction i1s determined
for the reverse navigation path, 1.e., from the destination
waypoint to the start waypoint (314). In one embodiment, a
clock-orientation based navigation instruction i1s determined
for the reverse path. The navigation instruction for the
reverse path may be determined by initially reversing the
sequence ol angle/clock orientation-distance coordinates 1n
the angle/clock orientation based navigation instruction.
Next the opposite angle/clock orientation coordinates for the
intermediate angle/clock-orientation-distance coordinates
that are not representing the start and the destination way-
point 1s determined. The opposite angle-orientation based
navigation coordinates may be determined by adding 180
degrees to the angle coordinates 1n the mtermediate angle-
distance coordinates. In case of clock-orientation based
navigation instruction, the reverse clock-orientation may be
obtained by adding 6 modulo 13 plus 1 to the clock-
orientation of the intermediate clock-orientation-distance
pairs. In the example described 1n the previous paragraph,
assume that there 1s a reverse path from the physics labo-
ratory to the classroom. In this case, the navigation instruc-
tion for the reverse path may be obtained by reversing the
sequence of clock-orientation based navigation instructions
{(12, 0), (3, 10), (6, 6), (9, 0)} to obtain {(9, 0), (6, 6), (3,
10), (12, 0)}. Next, the clock-orientation (6, 6) and (3, 10)
that do not represent the classroom and physics laboratory
waypoints are reversed to obtain {(9, 0), (12, 6), (9, 10), (12,
0)} the clock based navigation instruction of the path in the
reversed direction, from the physics laboratory to the class-
room.

An edge connecting the nodes may then be inserted 1n the
graph (316). The iserted edge represents a path from the
destination waypoint to the start waypoint. In the example
which 1s described 1n the previous paragraph, an edge may
be inserted to connect the physics laboratory node to the
classroom node. Finally, the determined angle/clock-based
navigation instructions and metadata of the reverse path are
assigned as weight of the mnserted edge (318). The weighted
graph therefore allows auto-determination of navigation
instruction for a reverse path when the navigation instruction
of the forward path 1s recerved.

Storing the existing list of navigation recordings in a
single directed weighted graph allows the system to deter-
mine navigation instruction for a path, between two way-
pomnts, which do not have a navigation recording. For
example, assume that a navigation recording 1s received for
path between point A to point B, and another navigation
recording 1s received for a path between point B and point
C. Both the navigation recordings are stored 1n the directed
weighted graph. In case a user wants to commute between
points A to C then a path determination algorithm may be
executed on the graph to determine navigation instruction to
commute between points A to C (A~ B~ C).

Further, the directed-weighted graph also assists 1n deter-
mining a shorter path, then the path suggested by the
navigation recording, between two waypoints. The shorter
path may be determined by comparing navigation instruc-
tions for paths that have a common start waypoint and
different destination waypoints. A comparison 1s performed
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between the navigation instructions to determine whether
the paths overlap until a particular intersection waypoint and
then diverge to the different destination waypoints. The
shorter path 1s then determined as the path between the two
destination waypoints via the intersection waypoint. For
example, consider that the directed weighted graph stores a
first clock-orientation based navigation instruction for a path
between an oflice and a coflee machine and a second
clock-orientation based navigation instruction for a path
between the oflice and a library. The navigation instructions
for the two paths are compared to identify that the paths
overlap until an intersection point and from there diverge to
library and cofiee machine. Based on the identified inter-
section point, a shortened path 1s determined between the
collee machine and the library via the intersection. In case
a user wants to commute between the coflee machine and the
library then the user can directly reach library via the
intersection skipping the detour via the office.

FIGS. 4A-4C 1s an exemplary block diagram illustrating
a process for generating a directed-weighted graph, accord-
ing to an embodiment. Initially as shown in FIG. 4A a
direction-based navigation struction 400 to commute
between a start waypoint A and a destination waypoint D 1s
received. The received direction-based navigation instruc-
tion 1s turn right from A and take 10 steps, then turn right and
take 8 steps, and finally turn right to reach destination
waypomnt D. The obtained direction-based navigation
instruction includes three direction-distance coordinate pairs
{(right, 10), (right, 8), (right, 0)}. Next, the direction-based
navigation instruction 1s converted to clock-orientation
based navigation instruction. FIG. 4B 1llustrates the clock-
orientation based navigation mnstruction 402 corresponding
to the direction-based navigation instruction 400. Initially a
clock coordinate 1s assigned to the start waypoint A. In this
case, the start waypoint A 1s assigned a clock-orientation 12
o’clock. Based on the assigned clock-orientation, clock-
orientation coordinates corresponding to direction coordi-
nates in the direction-based navigation instruction 1s deter-
mined. For the direction coordinate “right” (turn right from
A) the clock coordinate 1s 3, as the clock-orientation 1s 3
o’clock when a user turns at right angle from the clock-
orientation 12 o’clock. Similarly, the clock-orientation for
the second direction coordinate “right” 1s 6 o’clock as 6
o’clock 1s at right angle with respect to the clock-orientation
3 o’clock. Finally, the clock-orientation for the third direc-
tion coordinate “right” 1s 9 o’clock. The clock-orientation
based navigation instruction 402 including clock coordi-

nates and distance coordinates is {(12, 0), (3, 10), (6, 8),
(9,0}

A directed-weighted graph 404, shown 1n FIG. 4C, 1s then
generated based on the determined clock-orientation based
navigation instruction determined in FIG. 4B. The directed
weighted graph 404 includes two nodes representing the
start waypoint A and destination waypoint D. The two nodes
are connected by an edge representing a path between the
start waypoint A and destination waypoint D. The clock-
orientation based navigation instruction 402 1s assigned as a
weight of the edge and 1s stored by the directed weighted
graph 404.

FIG. 5 1s an exemplary block diagram illustrating a
process to determine an ntersection point I 500 1n a directed
weighted graph 502, according to an embodiment. The
directed weighted graph 502 includes two edges connected
to a node A. The weight for the edge connecting node A to
D 1s [(12, 0), (3, 35), (6, 3), (9, 0)], which represents the
clock-orientation based navigation instruction for a path
between waypomts A and E. The weight for the edge
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connecting waypoints A to E 1s [(12, 0), (3, 5), (12, 3), (3,
0)], which represents the clock-orientation based navigation
istruction for a path between waypoints A and E. To
identify the intersection point I 500, the edges starting from
cach of the nodes A, D, and E are identified. In the weighted
graph 502 two edges starting from node A and no edges
starting form nodes D and E are i1dentified. Next the angle-
orientation based navigation instructions assigned to edges
starting from the same node are compared. In this example
the two edges starting from node A are compared. In one
embodiment, the instruction assigned as weights to the two
edges, A to E and A to D, are compared to 1dentily the first
non-similar clock-orientation-distance coordinates. Based
on the comparison, the first two navigation structions [(12,
0), (3, 5)] m the two clock-onientation based navigation
instructions assigned to edges, A to E and A to D, are
identified as same. The third navigation instruction (6, 3) and
(12, 3) 1n the navigation instructions for the navigation paths
p(ALE) and p(A,D), respectively, are the first non-similar
clock-orientation-distance coordinates. This indicates that
both the paths from A to E and A to D overlap until the
second clock-orientation-distance coordinates (3, 5) and
then diverge at the third clock-orientation-direction coordi-
nates. The divergence implies an intersection I 300 after the
second clock-orientation-direction coordinate. A node rep-
resenting 1dentified intersection point I 302 may be mserted
into the graph 500. In this case, the paths p(A.,D) and p(A.E)
can be split into three paths p(A.I), p(1,D), and p(I,E). In one
embodiment, a node may be inserted 1n the graph corre-
sponding to the determined intersection point 1 500. Edges
connecting the node D with node I 500, and node E with
node I may then be mserted 1n the directed weighted graph
502. In the example a clock orientation, say 6 o’clock, 1s
assigned to the intersection I 500. The navigation instruc-
tions for path p(A.I), p (ILE), and p (I,D) are: p(A,1)=[(12,0),
(3,3), (6.0)], p(1.D)={(6.,0), (6,3), (9,0)], and p(LE)=[(6.0),
(12,3), (3,0)].

Intersection detection helps 1n removing any unnecessary
commute by a user utilizing the navigation instructions for
commuting. In the example described in the previous para-
graph, when the user wants to commute between the way-
points D and E then based on the detected intersection a user
1s provided a navigation instruction for the path [p(D.,I)”
p(I,E)]. Based on the detected intersection, the user need not
unnecessarily travel from the waypoint A (D™ A and then A~
E) when a user wants to commute between waypoint D to
waypoint E via I. The navigation instruction from path
waypoint D to intersection 1 500 and from intersection I 500
to waypoint E may be combined to obtain the navigation
istruction for a path from waypoint D to waypoint E.

FIG. 6 1s a detailed flow diagram 600 illustrating a process
for providing sensor-less navigation assistance based on the
directed weighted graph, according to an embodiment. Ini-
tially a start and destination waypoint 1s received (602). In
one embodiment, the start waypoint may be a current
location of the user. In another embodiment, the user may
provide the start waypoint by entering their name at the
portable electronic device or scanning an ID by the portable
clectronic device. A list of destination waypoints 1s then
displayed on the portable electronic device based on the
received start waypoint. The list of destination waypoints
may be determined based on performing a depth-first search
on the directed weighted graph. The list of destination
waypoints may be filtered based on a destination filter
parameter received from the user. For example, when the
user provides a destination type filter “cubicle” then the
destination waypoints of type “cubicle” are displayed on the
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portable electronic device. A selection may then be received
for a destination waypoint from the displayed list of desti-
nation waypoints.

Next, a routing algorithm i1s applied on the directed
weighted graph to determine a navigation route between the
start and destination waypoint (604). In one embodiment, a
route 1s a sequence of paths that are traversed to commute
between two points. For example, a route r (A, C) may be
a sequence of paths p (A, B) and p (B, C). Each navigation
path 1s represented by an edge. A sequence of edges between
the nodes, representing the start and destination waypoints,
represents a navigation route. A transitivity of a path relation
1s used to determine the traversing route. According to the
transitivity of the path relation when there 1s a path from A
to B and another path from B to C, then a path exist from A
to C. Using the transitivity of the graph, a destination
waypoint can be reached by traversing intermediate way-
points beginning from the start waypoint. In one embodi-
ment, a shortest path algorithm, for example Dijkstra’s
algorithm, may be applied to the directed weighted graph to
compute a traversing route, which requires the least time to
commute between the start and the destination waypoint. In
case several routes are identified, they might be filtered
based on the user rating to select only the one with the
highest rating. The navigation istructions for the start and
destination waypoints are retrieved from the directed
weighted graph.

In case a route 1s determined to commute between the start
and destination waypoint then the angle/clock-orientation
coordinates 1n the angle/clock-orientation based navigation
instructions 1s converted to direction coordinates to obtain
direction-based navigation instruction (608). For example,
assume that a user wants to commute between a main entry
and meeting room within oflice campus. The retrieved
clock-based navigation instruction, from the directed
weilghted graph, for a route between main entry and meeting,
room 1s [(12, 0), (3, 35), (6, 3), (9, 0)] where 12, 3, 6, and 9
represent clock-orientations. The clock-orientation 12 and 9
represents main entry and meeting room. In one embodi-
ment, the clock-orientation co-ordinate in the navigation
instruction 1s converted to direction coordinates to obtain
direction based navigation instruction [(“right”, 5), (*“right”,
3), (“right”, 0)]. Finally, the obtained direction based navi-
gation 1nstruction 1s provided to a user (610). In one embodi-
ment, the navigation instruction may be provided by dis-
playing the navigation instructions on the portable electronic
device of the user. Alternatively, the navigation instructions
may be provided as voice instructions, by colors, or by
vibrations, etc. In the example, the user may be initially
provided with an instruction to turn right and then take 35
steps. After the user takes the 5 steps, the user may be
provided an instruction to turn right and take 3 steps, and
finally the user may be instructed to turn right to reach the
meeting room. In one embodiment, when a route 1s not
determined between the start and the destination waypoint
then a message “no navigation instruction for this route”
may be displayed at the portable device of the user (612), or
signaled via other media channels as indicated above.

FIG. 7 1s an exemplary user interface 700 of a portable
clectronic device displaying a graphical user interface of
path recording application, according to an embodiment. In
one embodiment, a user may use the path recording appli-
cation to record navigation instruction for a path. The user
may select a start option to initiate recording of the navi-
gation instructions for a path. The user may enter a direction
leading away from start waypoint, a direction whenever the
user traverses an intersection, and finally the direction
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leading towards the destination waypoint. After the record-
ing, the user may also provide metadata of the start and
destination waypoint.

FIG. 8 1s an exemplary user interface 800 of a portable
clectronic device displaying a graphical user interface of a
navigation assistance application, according to an embodi-
ment. When the user enters their start and destination
waypoint the navigation assistance application may display
navigation instructions to commute between the start way-
point and the destination waypoint.

Some embodiments may include the above-described
methods being written as one or more software components.
These components, and the functionality associated may be
used by client, server, distributed, or peer computer systems.
These components may be written 1n a computer language
corresponding to one or more programming languages such
as, Tunctional, declarative, procedural, object-oriented,
lower level languages and the like. They may be linked to
other components via various application programming
interfaces and then compiled 1nto one complete application
for a server or a client. Alternatively, the components maybe
implemented in server and client applications. Further, these
components may be linked together via various distributed
programming protocols. Some example embodiments may
include remote procedure calls being used to implement one
or more of these components across a distributed program-
ming environment. For example, a logic level may reside on
a first computer system that 1s remotely located from a
second computer system containing an interface level (e.g.,
a graphical user interface). These first and second computer
systems can be configured 1n a server-client, peer-to-peer, or
some other configuration. The clients can vary in complexity
from mobile and handheld devices, to thin clients and on to
thick clients or even other servers.

The above-illustrated software components are tangibly
stored on a computer readable storage medium as instruc-
tions. The term “computer readable storage medium™ should
be taken to include a single medium or multiple media that
stores one or more sets of mstructions. The term “computer
readable storage medium™ should be taken to include any
physical article that i1s capable of undergoing a set of
physical changes to physically store, encode, or otherwise
carry a set of instructions for execution by a computer
system which causes the computer system to perform any of
the methods or process steps described, represented, or
illustrated herein. A computer readable storage medium may
be a non-transitory computer readable storage medium.
Examples of a non-transitory computer readable storage
media imnclude, but are not limited to: magnetic media, such
as hard disks, floppy disks, and magnetic tape; optical media
such as CD-ROMs, DVDs and holographic devices; mag-
neto-optical media; and hardware devices that are specially
configured to store and execute, such as application-specific
integrated circuits (“ASICs™), programmable logic devices
(“PLDs”) and ROM and RAM devices. Examples of com-
puter readable instructions include machine code, such as
produced by a compiler, and files containing higher-level
code that are executed by a computer using an interpreter.
For example, an embodiment may be implemented using
Java, C++, or other object-oriented programming language
and development tools. Another embodiment may be 1mple-
mented 1n hard-wired circuitry 1n place of, or in combination
with machine readable soitware instructions.

FIG. 9 1s a block diagram of an exemplary computer
system 900. The computer system 900 includes a processor
902 that executes software instructions or code stored on a
computer readable storage medium 922 to perform the
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above-illustrated methods of the invention. The computer
system 900 includes a media reader 916 to read the instruc-
tions irom the computer readable storage medium 922 and
store the instructions 1n storage 904 or in random access
memory (RAM) 906. The storage 904 provides a large space
for keeping static data where at least some instructions could
be stored for later execution. The stored instructions may be
turther compiled to generate other representations of the
instructions and dynamically stored in the RAM 1006. The
processor 902 reads instructions from the RAM 906 and
performs actions as instructed. According to one embodi-
ment of the mvention, the computer system 900 further
includes an output device 910 (e.g., a display) to provide at
least some of the results of the execution as output including,
but not limited to, visual information to users and an input
device 912 to provide a user or another device with means
for entering data and/or otherwise interact with the computer
system 900. Output devices 910 and mput devices 1012
could be joined by one or more additional peripherals to
turther expand the capabilities of the computer system 900.
A network communicator 914 may be provided to connect
the computer system 900 to a network 920 and in turn to
other devices connected to the network 920 including other
clients, servers, data stores, and interfaces, for instance. The
modules of the computer system 900 are interconnected via
a bus 918. Computer system 900 includes a data source
interface 908 to access data source 924. The data source 924
can be accessed via one or more abstraction layers imple-
mented 1n hardware or software. For example, the data
source 924 may be accessed by network 920. In some
embodiments the data source 924 may be accessed via an
abstraction layer, such as, a semantic layer.

A data source 1s an information resource. Data sources
include sources of data that enable data storage and retrieval.
Data sources may 1include databases, such as, relational,
transactional, hierarchical, multi-dimensional (e.g., OLAP),
object oriented databases, and the like. Further data sources
include tabular data (e.g., spreadsheets, delimited text files),
data tagged with a markup language (e.g., XML data),
transactional data, unstructured data (e.g., text files, screen
scrapings), hierarchical data (e.g., data 1n a file system, XML
data), files, a plurality of reports, and any other data source
accessible through an established protocol, such as, Open
DataBase Connectivity (ODBC), produced by an underlying
software system (e.g., ERP system), and the like. Data
sources may also include a data source where the data 1s not
tangibly stored or otherwise ephemeral such as data streams,
broadcast data, and the like. These data sources can include
associated data foundations, semantic layers, management
systems, security systems and so on.

In the above description, numerous specific details are set
torth to provide a thorough understanding of embodiments.
One skilled in the relevant art will recognize, however that
the embodiments can be practiced without one or more of
the specific details or with other methods, components,
techniques, etc. In other instances, well-known operations or
structures are not shown or described in details.

Although the processes illustrated and described herein
include series of steps, it will be appreciated that the
different embodiments are not limited by the illustrated
ordering of steps, as some steps may occur in different
orders, some concurrently with other steps apart from that
shown and described herein. In addition, not all illustrated
steps may be required to implement a methodology 1n
accordance with the one or more embodiments. Moreover, 1t
will be appreciated that the processes may be implemented
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in association with the apparatus and systems illustrated and
described herein as well as 1n association with other systems
not illustrated.

The above descriptions and 1llustrations of embodiments,
including what 1s described in the Abstract, 1s not intended
to be exhaustive or to limit the one or more embodiments to
the precise forms disclosed. While specific embodiments of,
and examples for, the mvention are described herein for
illustrative purposes, various equivalent modifications are
possible within the scope of the invention, as those skilled
in the relevant art will recognize. These modifications can be
made 1n light of the above detailed description. Rather, the
scope 1s to be determined by the following claims, which are
to be mterpreted 1n accordance with established doctrines of
claim construction.

The claims are as follows:
1. A computer implemented method for providing sensor-
less navigation assistance, the method comprising:

recerving two or more recordings of direction-based navi-
gation 1structions from two or more users, the two or
more recordings of direction-based navigation instruc-
tions being for commuting between a recording start
waypomnt and a recording destination waypoint,
wherein the two or more recordings of direction-based
navigation instructions include direction coordinates
and distance coordinates provided by the two or more
users;

determiming an angle-orientation based navigation
istruction based on the two or more recordings of
direction-based navigation instructions by assigning an
angle-orientation coordinate to the recording start way-
point, wherein the angle-orientation coordinate repre-
sents a direction coordinate by an angle, and based on
the angle-orientation coordinate assigned to the record-
ing start waypoint, determiming angle-orientation coor-
dinates corresponding to the direction coordinates of
the two or more recordings of direction-based naviga-
tion 1nstructions;

storing the angle-orientation based navigation instruction
having fixed instructions 1n a directed weighted graph;

receiving a navigation assistance request for commuting
between a user start waypoint and a user destination
waypoint, the user start waypoint comprising a current
location of a particular user;

based on the recerved request, retrieving, from the
directed weighted graph, an angle-orientation based
navigation instruction between the user start waypoint
and the user destination waypoint included in the
navigation assistance request;

converting, by a processor of a computer, a plurality of
angle-orientation coordinates included 1n the retrieved
angle-orientation based navigation instruction to a plu-
rality of direction coordinates to obtain the direction-
based navigation instruction;

based on the conversion, determining the direction-based
navigation instruction including the direction coordi-
nates;

forwarding, by the processor of the computer, the direc-
tion-based navigation instruction to a portable elec-
tronic device, the direction-based navigation instruc-
tion providing sensor-less navigation assistance for
commuting between the user start waypoint and the
user destination waypoint included in the navigation
assistance request; and

displaying, on a screen of the portable electronic device,
the direction-based navigation instruction.
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2. The computer implemented method according to claim
1, wherein determining the angle-orientation based naviga-
tion 1nstruction 1ncludes:
based on the assigned angle-orientation coordinate, com-
puting, by the processor of the computer, the plurality
ol angle-orientation coordinates corresponding to the
plurality of direction coordinates included 1n the direc-
tion-based navigation instruction recording.
3. The computer implemented method according to claim
1, further comprising:
comparing the received direction-based navigation
instruction with an existing direction-based navigation
recording; and
based on the comparison, merging the received direction-
based navigation instruction with the existing direc-
tion-based navigation recording.
4. The computer implemented method according to claim
1, further comprising:
receiving a navigation metadata for a path between the
user start waypoint and the user destination waypoint;
in the directed weighted graph, inserting a plurality of
nodes corresponding to the user start waypoint and the
user destination waypoint;
inserting an edge between the plurality of nodes, the edge
representing the path between the user start waypoint
and the user destination waypoint; and
assigning a clock-orientation based navigation instruction
and the navigation metadata as weight of the inserted
edge.
5. The computer implemented method according to claim
4, further comprising:
based on the navigation metadata, identifying whether the
path between the user start waypoint to the user desti-
nation waypoint 1s reversible;
based on the i1dentification, determinming an angle-orien-
tation based navigation instruction for a reverse path
from the user destination waypoint to the user start
waypoint;
in the directed weighted graph, inserting an edge between
the plurality of nodes, the edge representing the reverse
path; and
assigning the determined angle-orientation based naviga-
tion instruction as weight of the inserted edge.
6. The computer implemented method according to claim
4, further comprising:
applying a routing algorithm on the directed weighted
graph to determine a navigation route between the user
start waypoint and the user destination waypoint; and
based on the determined navigation route, retrieving the
angle-orientation based navigation instruction from the
directed weighted graph.
7. The computer implemented method according to claim
4, further comprising:
identifying a plurality of edges starting from one of the
plurality of nodes included in the directed weighted
graph;
comparing, by the processor of the computer, a plurality
of angle-onientation based navigation instructions
assigned to the plurality of edges;
based on the comparison, determining a first non-similar
angle-orientation coordinate in the plurality of angle-
orientation based navigation instructions;
based on the determination, identifying an intersection
point between a plurality of paths corresponding to the
plurality of angle-orientation based navigation nstruc-
tions; and
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in the directed weighted graph, inserting a node corre-
sponding to the identified intersection waypoint.
8. The computer implemented method according to claim
4, further comprising;:
using crowd-sourcing, receiving the two or more record-
ings of direction-based navigation instructions the
navigation metadata; and
assigning, by the processor of the computer, a user rating
of a user as a rating of the received direction-based
navigation recording.
9. A computer system for providing sensor-less navigation
assistance, the computer system comprising:
a processor to execute a program code; and
a memory coupled to the processor, the memory storing,
the program code comprising:
processing two or more recordings of direction-based
navigation received from two or more users, the two
or more recordings of direction-based navigation
instructions being for commuting between a record-
ing start waypoint and a recording destination way-
point, wherein the two or more recordings of direc-
tion-based navigation instructions include direction
coordinates and distance coordinates provided by the
two Oor more users;
determine an angle-orientation based navigation
instruction based on the direction-based navigation
instructions by assigning an angle-orientation coor-
dinate to the recording start waypoint, wherein the
angle-orientation coordinate represents a direction
coordinate by an angle, and based on the angle-
orientation coordinate assigned to the recording start
waypoint, determine angle-orientation coordinates
corresponding to the direction coordinates of the two
or more recordings of direction-based navigation
instructions;
store the angle-orientation based navigation instruction
having fixed instructions 1 a directed weighted
graph;
receive a navigation assistance request for commuting,
between a user start waypoint and a user destination
waypoint, the user start waypoint comprising a cur-
rent location of a particular user;
based on the received request, retrieve, from the
directed weighted graph, an angle-orientation based
navigation instruction between the user start way-
point and the user destination waypoint included 1n
the navigation assistance request;
convert a plurality of angle-orientation coordinates
included i the retrieved angle-orientation based
navigation struction to a plurality of direction
coordinates to obtain the direction-based navigation
instruction:
based on the conversion, determine the direction-based
navigation instruction including the plurality of
direction coordinates;
forward the direction-based navigation instruction to a
portable electronic device of the particular user, the
direction-based navigation instruction providing
sensor-less navigation assistance for commuting
between the user start waypoint and the user desti-
nation waypoint included in the navigation assis-
tance request; and
wherein the portable electronic device includes a dis-
play screen on which to display the direction-based
navigation instruction.
10. The computer system according to claim 9, further
comprising;
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based on the assigned angle-orientation coordinate, com-
pute the plurality of angle-orientation coordinates cor-
responding to the plurality of direction coordinates
included in the direction-based navigation instruction
recording.

11. The computer system according to claim 9, further
comprising;

receive a navigation metadata for a path between the user

start waypoint and the user destination waypoint;

in the directed weighted graph, insert a plurality of nodes

corresponding to the user start waypoint and the user
destination waypoint;

insert an edge between the plurality of nodes, the edge

representing the path between the user start waypoint
and the user destination waypoint; and

assign the computed angle-orientation based navigation

instruction and the navigation metadata as weight of the
inserted edge.

12. The computer system according to claim 11, further
comprising;

based on the navigation metadata, 1dentily whether the

path between the user start waypoint to the user desti-
nation waypoint 1s reversible;
based on the 1dentification, determine an angle-orientation
based navigation instruction for a reverse path from the
user destination waypoint to the user start waypoint;

in the directed weighted graph, insert an edge between the
plurality of nodes, the edge representing the reverse
path; and

assign the determined angle-orientation based navigation

istruction as weight of the inserted edge.
13. The computer system according to claim 11, further
comprising;
apply a routing algorithm on the directed weighted graph
to determine a navigation route between the user start
waypoint and the user destination waypoint; and

based on the determined navigation route, retrieve the
angle-orientation based navigation instructions from
the directed weighted graph.

14. The computer system according to claim 11, further
comprising:

identify a plurality of edges starting from one of the

plurality of nodes included in the directed weighted
graph;

compare a plurality of angle-orientation based navigation

istructions assigned to the plurality of edges;

based on the comparison, determine a {irst non-similar

angle-orientation coordinate in the plurality of angle-
orientation based navigation instructions;

based on the determination, 1identily an intersection point

between a plurality of paths corresponding to the
plurality of angle-orientation based navigation nstruc-
tions; and

in the directed weighted graph, insert a node correspond-

ing to the identified intersection waypoint.

15. The computer system according to claim 11, further
comprising:

using crowd-sourcing, receive the two or more recordings

of the direction-based navigation instructions the navi-
gation metadata; and

assign, a user rating ol a user as a rating of the recerved

direction-based navigation recording.

16. A non-transitory computer readable storage medium
to tangibly store instructions, which when executed by a
computer, cause the computer to:

receiving two or more recordings of direction-based navi-

gation 1structions from two or more users, the two or
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more recordings of direction-based navigation instruc-
tions being for commuting between a recording start
waypomnt and a recording destination waypoint,
wherein the two or more recordings of direction-based
navigation instructions include direction coordinates
and distance coordinates provided by the two or more
Users;

determine a clock-orientation based navigation instruc-
tion based on the two or more recordings of direction-
based navigation instructions by assigning a clock-
orientation coordinate to the recording start waypoint,
wherein the clock-orientation based navigation instruc-
tion represents a direction coordinate by a clock-ori-
entation coordinate, and based on the clock-orientation
coordinate assigned to the recording start waypoint,
determine clock-orientation coordinates corresponding
to the direction coordinates of the two or more record-
ings of direction-based navigation instructions;

store the clock-orientation based navigation instruction
having fixed instructions 1n a directed weighted graph;

recerve a navigation assistance request for commuting
between a user start waypoint and a user destination
waypoint, the user start waypoint comprising a current
location of a particular user;

based on the received request, retrieve, from the directed
weighted graph, a clock-orientation based navigation
instruction between the user start waypoint and the user
destination waypoint included 1n the navigation assis-
tance request;

convert a plurality of clock-orientation coordinates
included 1n the retrieved clock-orientation based navi-
gation istruction to a plurality of direction coordinates
to obtain the direction-based navigation instruction;

based on the conversion, determine the direction-based
navigation instruction including the plurality of direc-
tion coordinates;

forward the direction-based navigation instruction to a
portable electronic device, the direction-based naviga-
tion mstruction providing sensor-less navigation assis-
tance for commuting between the user start waypoint
and the user destination waypoint included in the
navigation assistance request; and

wherein the portable electronic device includes a display

screen on which to display the direction-based naviga-
tion 1nstruction.

17. The non-transitory computer readable medium
according to claim 16, further comprising instructions which
when executed by the computer further causes the computer
to:

based on the assigned clock-orientation coordinate, com-

pute the plurality of clock-orientation coordinates cor-
responding to the plurality of direction coordinates
included 1n the direction-based navigation instruction.

18. The non-transitory computer readable medium
according to claim 16, further comprising instructions which
when executed by the computer further causes the computer
to:

recerve a navigation metadata for a path between the user

start waypoint and the user destination waypoint;

in the directed weighted graph, insert a plurality of nodes

corresponding to the user start waypoint and the user
destination waypoint;

insert an edge between the plurality of nodes, the edge

representing the path between the user start waypoint
and the user destination waypoint; and
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assign the clock-orientation based navigation instruction
and the navigation metadata as weight of the inserted
edge.

19. The non-transitory computer readable medium
according to claim 18, further comprising instructions which
when executed by the computer further causes the computer
to:

based on the navigation metadata, 1dentily whether the

path between the user start waypoint to the user desti-
nation waypoint 1s reversible;
based on the 1dentification, determine a clock-orientation
based navigation instruction for a reverse path from the
user destination waypoint to the user start waypoint;

in the directed weighted graph, insert an edge between the
plurality of nodes, the edge representing the reverse
path; and

assign the determined clock-orientation based navigation

istruction as weight of the inserted edge.
20. The non-transitory computer readable medium
according to claim 18, further comprising instructions which
when executed by the computer further causes the computer
to:
apply a routing algorithm on the directed weighted graph
to determine a navigation route between the user start
waypoint and the user destination waypoint; and

based on the determined navigation route, retrieving the
clock-orientation based navigation instruction from the
directed weighted graph.
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